The morphology and properties of heavily eroded soils found in chernozems in the upland landscape of the Proszowice Plateau (southern part of Poland) was presented. The issue of classification of these soils was also discussed. Taking into account the terrain context, it should have been assumed that these soils were formed as a result of strong erosion (truncation) of chernozems. These (post-chernozem) soils were relatively young, in which only the development of humus horizon can be documented. However, the accumulation of humus was hampered by constantly intense erosion processes. Evidence of the occurrence of the illuviation process as well as formation of cambic horizon is not visible macroscopically and microscopically. These soils are often classified as weakly developed soils though despite the poor development of the soil profile, they are characterized by potentially high productivity, which results both from the properties of their parent material (texture, porosity) and from their youthfulness (carbonate content both in fine earths and in nodules, high pH in whole profile). Therefore, the name proposed in Polish Soil Classification, 6th edition ('pararêdzina') seems to be justified. These soils would be classified as Entisols according to USDA Soil Taxonomy and as Regosols according to WRB.
INTRODUCTION
The erosion of the uppermost part of each soil (topsoil) leads to limiting all its functions (Kaiser 2004) because the most productive part of soil containing humus and having the best developed pedogenic structure, was removed (Izaurralde et al. 2006) . This phenomenon occurs everywhere on the planet but it is particularly important in arable areas, where humans cause a strong intensification of natural erosion processes (eg. Phillips et al. 1999; Jankauskas and Fullen 2002; Dotterweich et al. 2013 , Podlasiñski 2013 Kobierski 2013; OEwitoniak et al. 2016) . Soil erosion has become a global problem (Montanarella et al. 2015) . According to various sources it may be estimated that 75 billion tons (Pg) of soil is eroded annually from arable land all over the world and a significant increase in the rate of soil erosion is observed in some regions of the world: South America (predicted average soil erosion 3.53 Mg ha -1 year, Africa (3.51 Mg ha -1 year -1 ) and Asia (3.47 Mg ha -1 year -1 ) (Borrelli et al. 2017) .
Current rate of soil erosion growth in Europe is not very high. This includes Poland, which is among the countries with a relatively optimistic forecast of change (Borrelli et al., 2017) . However, it can be estimated that about 29% of the area of Poland (including 21% of arable land and 8% of forest area) is threatened by water erosion, and the risk of strong erosion concerns about 4% of Poland (Józefaciuk et al. 2014 ). Among the most endangered are the mountains, where agriculture nowadays ceases to be the dominant mode of land use and loess upland areas where farming is still very intense (Józefaciuk et al. 2014) . A large transformation of soils due to erosion is observed in loess areas, which is a result of soil texture, relief conditions and long-term use (G¹sior and Partyka 1999; Licznar and Drozd 1985; Klimowicz and Uziak 2001; Paluszek 2013; ¯y³a 2009 ). Soil erosion processes transformed most of the chernozems occurring in loess uplands of Poland (Dobrzañski 1962; Klimowicz and Uziak 2001) .
The aim of this work was to analyse the morphology and properties of heavily eroded chernozems found in the Proszowice Plateau (southern part of Poland). The issue of classification of these soils was also discussed.
MATERIAL AND METHODS

Study area
The research was carried out on the Proszowice Plateau, where chernozems originally developed (Olszewski et al. 1965; Komornicki 1974) . Several latitudinal flattening ridges covered with aeolian 226 MAREK DREWNIK, MARCIN ¯Y£A sediments (late Vistulian loess) occur here (Walczowski 1982 (Walczowski , 1984 Jersak 1973) . In most cases wide flattening uplands pass through gentle convex-concave slope into the valleys (Michno 2004) . The mean annual air temperature in the study area is approximately 7-8°C and mean annual precipitation is 540 mm.
Agricultural activity on the Proszowice Plateau was already initiated in Neolithic Age (Kruk et al. 1996; Valde-Nowak 2004) . Continuous farming was carried out since the Middle Ages in this part of Poland (Michno 2004) . As a result of denudation a network of slope terraces and gullies was created locally. 
Properties and classification of eroded post-chernozem soils in Poland Significant slope areas were also eroded, especially the upper (convex) slope sections. A thick deluvium/ colluvium covers at the footslope as well as in the bottoms of the valleys was developed (Michno 2004 ).
Field works and laboratory analysis
During field works (in arable lands under intensive farming, conducted after harvesting), representative research plots on the most eroded sections of the slopes were selected. Morphology of soil (profile located in the central part of investigated plot) was described and sampled to the 150 cm depth. A reference soil representing non-truncated chernozem was also described and sampled in close proximity. A total of 12 truncated post-chernozem soils and 5 non-truncated chernozems were tested and some profiles have been selected for this paper (Table 1 , 2). Profiles S³onowice 1 and S³onowice (see: figure 2A and 2B captions) have the same properties as other truncated chernozems presented (Table 1) .
In laboratory, after drying, bulk soil samples were crushed with a soft tool and then sieved through a 2 mm sieve. Next, the following parameters were determined: particle size distribution (texture), the content of soil organic carbon (SOC) by the Tiurin method (in triplicate), content of carbonates using Scheibler method (as an equivalent of CaCO 3 , in triplicate) and bulk density using core method (100 cm 3 , in triplicate). The SOC stock was calculated (Wasak and Drewnik 2015) . Undisturbed soil samples after drying at 40°C were impregnated with araldite resin. Micromorphological analyses were performed on 25-30 µm thin sections using a polarizing microscope.
RESULTS
The reference non-truncated chernozem (Witów 4) had general soil profile morphology: A-A/C-Ck(c, g) (Table 1, Figure 1A ). Below humus horizons (Ap+A), a set of transition A/C horizons were present (gradual transition) and then parent material (Ck+Ckcg) could be found. In contrast, investigated heavily eroded soils had simple soil profile morphology: Akcp(kp,p)-Ckc(g) (Table 1, Figure 1B ).
Humus horizon in heavily eroded soils had a dull yellowish brown moist colour 10YR 4-5/3-4 (10YR 6-7/2-3 dry) and its thickness corresponded to the depth of ploughing (it is ~20-25 cm) (Table 1) . In heavily eroded soils dull yellow fragments of pure loess in humus horizon mass could be found ( Figure  1B) . Under the humus-ploughing horizon A(k,kc)p the parent material C (loess) was directly present in these soils. The transition between humus horizon and parent material was very abrupt. Traces of humus illuviation had not been found ( Figure 1B) . White secondary precipitation of carbonates could be found in the whole soil profile (including uppermost humus horizon = topsoil), mainly in the form of nodules and rhyzolites (Table 1 ). The content of secondary carbonates (precipitations) was clearly lower in humus horizon A compared to parent material C. In relation to the reference soil, i.e. non-truncated chernozem (Table 1 : Witów 4 profile), the studied soils were clearly shallower and have lighter (value higher by 2-3 units) humus horizon, there is no transition A/C horizon and secondary carbonates occur starting from topsoil.
Micromorphological analysis had shown that in the humus horizon in heavily eroded soil, the angular microstructure could be found ( Figure 2B) , which clearly distinguished these soils from reference nontruncated chernozem, where the soil microstructure in the humus horizon was much better developed and dominated by granular, crumby and subangular structure (Figure 2A ). However in heavily eroded soils, clear traces of earthworm activity could be found ( Figure 2C) . In a deeper part of the soil, the micromorphological view of both the non-truncated chernozem and the heavily eroded soils were dominated by the features associated with the presence of primary carbonates ( Figure 2D ), secondary carbonates ( Fig.  2E, F) and the presence of mineral particles typical for loess ( Fig. 2D, E, F) .
All analysed soils had a texture reflecting the properties of the soil's parent material. There are no stones and gravel (excluding nodules), and silt fraction (0.05-0.002 mm) predominated in the fine parts (60-76%). The share of clay fraction (<0.002 mm) and sand fraction (2-0.05 mm) was smaller (11-23% and 10-20% respectively) ( Table 2 ). The increase in the clay fraction content along the depth typical for illuviation process was not found both in eroded soils and in the reference soil. Similarly, the bulk density was uniform in all soils, ranging from 1.21 to 1.56 Mg m -3 . In most cases (with the exception of the Boronice 2 and Wymys³ów 1 profiles), the clearly higher value of the bulk density in the topsoil of eroded soils compared to the topsoil of reference soil could be noticed.
The eroded soils generally had an alkaline reaction starting in topsoil (pHw 7.6-8.2) ( Table 2 ). The exception was the profile of Boronice 2, where the pHw was 6.9 in A horizon. Reaction clearly distinguished heavily eroded soils from the reference non-truncated chernozem (Witów 4), where acidic and slightly acidic reaction was determined in humus horizons (pHw 5.0-6.0), neutral reaction in transition horizons (pHw 6.7-7.2), and which was alkaline (pHw 7.4-8.1) only in the parental material reaction.
All of the heavily eroded soils had very uniform content of SOC in the humus horizons (0.57-0.66%), which also distinguished them from the reference nontruncated chernozem, where the SOC content in the humus horizon was 1.15-1.35%, and which was 0.35-0.68% (Table 2) in transition horizons (absent in eroded soils). Finally, it turned out that the SOC stock of the whole soil profile (0-150 cm) in heavily eroded soils was half as high as in the reference chernozem (~40-50 Mg ha -1 vs. (~100 Mg ha -1 respectively) ( Table 2 ). The carbonate content (equivalent) was the third element that distinguished heavily eroded soils from the reference soil. In heavily eroded soil, carbonates were usually found in large quantities (exceeding even 10%) starting in the topsoil, whereas in non-truncated chernozems carbonates of this kind content occurred only at a depth of over 90 cm (Table 2 ).
DISCUSSION
The heavily eroded soils found among the chernozems in the upland landscape of the Proszowice Plateau were characterized by properties indicating their relatively simple genesis. Their morphology and properties clearly proved that the most important process was the erosion (denudation) of the original chernozems by at least 60 cm, which was indirectly indicated as difference in the thickness of humus horizons in truncated (heavily eroded) and non-truncated soils. This could correspond with intensive erosion related to agricultural activity, as it was found in a similar area (near Hrubieszów in Poland), also on chernozems: in 30 years the thickness of the eroded soil was on average 62 cm (Józefaciuk and Józefaciuk 1984) . It is worth emphasizing that these changes significantly reduced carbon stocks, which is typical for eroded chernozems (e.g. Wiesmeier et al. 2015) , while, in contrast, the truncation of Luvisols in northern Poland didn't lead to a significant reduction in carbon stocks because previously content of humus in non-eroded A horizon was relatively low (OEwitoniak et al. 2015) .
The manifestations of the illuviation processes as well as formation of cambic horizon in some chernozems of Proszowice Plateau were previously documented (¯y³a 2007). However, in soils presented in this work, such traces were not found either in macroscopic or in microscopic analysis. This might have indicated the continuous duration of the erosion. The second proof of the relative youthfulness of the studied soils was that carbonates could be found starting from topsoil, which was associated with a very high soil pH in the entire profile. It could be interpreted that there was not enough time to leach out carbonates even from the near surface part of the soil profile. The third proof of the youthfulness of these soils was that the angular microstructure occurred in the humus horizon, which was not typical for biogenically active chernozems (however worm activity was documented). Important evidence for the transformation of soil structure (structure type and stability of soil aggregates) was provided by Paluszek (1995) in research conducted on similar soils in the Lublin Upland (East Poland). The fourth proof respectively was a relatively low and very uniform concentration of humus (~0.6%) in topsoil. Finally heavily eroded soils in Proszowice Plateau were most probably still under extensive erosion, as simply indicated by the terrain context.
The highly eroded soils found among the chernozems in the upland landscape of the Proszowice Plateau had surprisingly unified morphology and properties, which most probably resulted from their genesis and homogeneity of the parent material. Their taxonomic affiliation in each of the applied classification systems showed their uniformity ( Table 3 ). The over-high colour value did not allow us to determine the mollic/mollik diagnostic horizon in these soils in each of referenced classification systems (Table 3) . According to Polish Soil Classification, 6th edition (Kaba³a et al. 2019; Systematyka gleb Polski, 2019) the thickness of humus (resulting from the ploughing depth, ~20-25 cm) also did not allow the designate of mollik diagnostic horizon. Erosional degradation of humus horizons and consequently, a strong lightening of their colour due to erosion in loess areas was also reported by Novák et al. (2018) and ðíñala et al. (2019) . Therefore the described heavily eroded soils (Table 3) could not be classified as Mollisols/Chernozems/chernozems. There was a lot of secondary carbonates (in various forms) in these soils, however, the total carbonate content also did not allow us to designate 'kalcik' diagnostic horizon according to Polish Soil Classification, 6th edition (Systematyka gleb Polski 2019), as well as 'calcic' diagnostic horizon according to USDA Soil Taxonomy (Soil Survey Staff 2014) and WRB (IUSS Working Group WRB 2015) (≥15% of eqCaCO 3 is required).
Two approaches to classifying such soils could be distinguished. One of the most important was the approach of soil genesis, so the soils would be classified as weakly developed post-erosive soils, e.g. according to Polish Soil Classification, 5th edition (Systematyka gleb Polski 2011) it would be 'weakly developed post-erosion soil' (Polish: 'gleba s³abo ukszta³towana erozyjna') ( Table 3 ). The heavily eroded had been also classified as 'siltosols' (¯y³a 2007) due to lack of adequate definition in Polish Soil Classification, 4th edition (Systematyka gleb Polski 1989). According to the second approach, the advancement of the soil formation and soil properties was predominant, e.g. these soils would be classified as Udorthents (Soil Survey Staff 2014) or as Regosols (IUSS Working Group WRB 2015) . Partly according to this approach, such soils were classified as 'pararendzinas' (Polish: 'pararêdziny') according to Polish Soil Classification, 6th edition (Kaba³a et al. 2019; Systematyka gleb Polski 2019) . This is allowed according to this classification, because both in the fine earth and in nodules carbonates are found (Tables 1, 2, Figure 2F ) in the depth 30-60 cm. The nodule can be equated with gravel or stones with a calcium cement (see: Figure 2F ). This seemed to be an appropriate solution, because it reflected both the weak advancement of soil-forming processes and a high carbonate content (both: primary and secondary) starting in topsoil. Finally, it should be pointed out that in the past the heavily eroded chernozems in Poland had been classified as 'rendzinas' and 'pararendzinas' (Polish: "rêdziny" and "pararêdziny") by Borowiec (1966 Borowiec ( , 1967 .
CONCLUSIONS
The morphology and properties of heavily eroded soils found among chernozems in the upland landscape of the Proszowice Plateau were very similar. Taking into account the terrain context, it should have been assumed that these soils were formed as a result of strong erosion (denudation) of chernozems. These were relatively young soils, in which only the development of humus horizon can be documented. However, the accumulation of humus was hampered by constantly intense erosion processes. Evidence of the occurrence of the illuviation process as well as formation of cambic horizon is not visible macroscopically and microscopically.
These soils are often classified as weakly developed soils, however, despite the poor development of the soil profile, they are characterized by potentially high productivity, which results both from the properties of their parent material (texture, porosity) and from their youthfulness (carbonate content and high pH in whole profile). Therefore, the name proposed in Polish Soil Classification, 6th edition ('pararêdzina') seems to be justified.
